ABSTRACT: Lactating New Zealand fur seals Arctocephalus forsteri utilise 2 ecological regions: continental shelf habitats and oceanic habitats associated with the Subtropical Front. Using milk fatty acids (FA) obtained from 29 satellite-tracked fur seals, we characterised the FA composition of seals that foraged on the continental shelf, and those that foraged in oceanic waters. Seals that foraged within oceanic waters were characterised by milk being comparatively high in monounsaturated fatty acids (MUFA; 47.4 ± 4.4%, mean ± SD), and lower in polyunsaturated fatty acids (PUFA; 23.8 ± 4.0%) when compared to seals that foraged in continental shelf waters (MUFA 36.7 ± 5.4 and PUFA 31.4 ± 5.5%). Based on FA compositions, we predicted the likelihood that milk samples collected at random (n = 131) represented individual seals having foraged either on the continental shelf or in distant oceanic waters. Results indicated that 74% (n = 97) of seals were likely to have foraged in oceanic waters, with 26% (n = 34) likely to have foraged within continental shelf waters. These results were supported by the small sub-sample of 29 satellite-tracked seals, which indicated that 62% of seals had foraged in oceanic waters. FA analysis and satellite-tracking results contrasted with scat analyses, from which only 7% of scats contained prey remains from oceanic waters. The results suggest scats were biased toward females foraging on the continental shelf. To further understand the diet of New Zealand fur seals, additional information on potential prey species that inhabit waters associated with the Subtropical Front south of Australia is required, as well as the continued development and application of alternative dietary techniques.
INTRODUCTION
Understanding ecosystem structure and function requires knowledge of trophic relationships between predators and their prey, and temporal and spatial aspects of predator and prey diets (Raclot et al. 1998) . In wide-ranging marine predators, assessing predator-prey interactions over a spatial context is inherently difficult. Central-place foragers such as procellariiform seabirds and pinnipeds often exploit multiple ecological regions (i.e. inshore waters and distant ocean fronts) over varying spatial scales (10s to 1000s of kilometres) (Chaurand & Weimerskirch 1994 , Bradshaw et al. 2003 , Beauplet et al. 2004 . Generalizing the diet of marine predator populations by combining dietary information from individuals that forage in different ecological regions may disguise important trophic interactions (Paine 1988) . To accurately repre-sent diet and to assess trophic interactions, the ability to separate dietary information from different ecological regions utilised by marine predators is required.
Traditionally the diets of marine predators have been largely inferred using scat, regurgitation and stomach samples. Although these methods have proven to be invaluable, it is often assumed they are only representative of the last foraging bout, and inherent biases associated with differences in the rates of passage of food through the gut and in the digestibility of particular prey are well established (Dellinger & Trillmich 1988 , Bodley et al. 1999 , Staniland 2002 . As such, the accuracy at which traditional methods are able to reconstruct the diet of wide-ranging marine predators is dependant, to some degree, on the characteristics of their foraging trips (such as distance and duration), which vary temporally (i.e. seasonal) and spatially (colony location) and between individuals (e.g. Beauplet et al. 2004 , Gremillet et al. 2004 , Robson et al. 2004 , Staniland et al. 2007 , Baylis et al. 2008a ,b, 2009 .
The New Zealand fur seal Arctocephalus forsteri is a wide-ranging marine predator and the most abundant seal species in the Australia/New Zealand region. Approximately 85% of Australia's population of New Zealand fur seals reside in the state of South Australia (Goldsworthy et al. 2003 , Shaughnessy 2005 . As a result of their abundance and size, New Zealand fur seals breeding in the state of South Australia are important consumers of pelagic resources within the southern Australian region (Goldsworthy et al. 2003) . However, despite the importance of New Zealand fur seals as top predators, their increasing abundance and the potential for interaction with commercial fisheries, our understanding of the diet of New Zealand fur seals in South Australia is primarily derived from 1 study, conducted at 1 colony (Page et al. 2005 ) (limited dietary data are also presented in Goldsworthy et al. [2003] ). These studies have indicated that lactating New Zealand fur seals predominantly foraged within continental shelf waters (Goldsworthy et al. 2003 , Page et al. 2005 .
Recent satellite-tracking studies at several New Zealand fur seal breeding colonies in South Australia have revealed that lactating New Zealand fur seals actually use 2 spatially discrete foraging habitats (Baylis et al. 2008a,b) . These are continental shelf habitats (as recorded by Page et al. 2005 Page et al. , 2006 that are associated with a coastal upwelling and distant oceanic waters that are associated with the Subtropical Front (STF) (Baylis et al. 2008a,b) . Seals that forage on the continental shelf travel shorter distances and have shorter foraging trip durations (127 ± 44 km and 8.1 ± 4.5 d, mean ± SD) when compared to seals that forage in oceanic waters, that travel up to 1000 km from the colony on foraging trips of up to 40 d duration (Baylis et al. 2008a,b) . Given the vast distances that lactating New Zealand fur seals travel to forage, interpreting diet using traditional methods is unlikely to accurately represent the diet of seals foraging in distant oceanic waters, or provide a means by which to detect and quantify the spatial separation of foraging habitats.
Owing to such shortcomings, biochemical and molecular methods are increasingly being used to complement traditional methods in validating and/or providing information on dietary preferences of marine mammals (Iverson et al. 1997 , Cherel et al. 2000 , Deagle & Tollit 2007 . One such technique is fatty acid (FA) analysis. FA analysis is based on the principle that unique arrays of FAs from prey species can be transferred largely unaltered up the food chain where they are deposited in predator tissues that are high in lipid content (Iverson 1993) . In marine mammals, milk is a source of dietary FA (Iverson 1993 , Goebel 2002 , Lea et al. 2002a , Littnan 2003 . After the initial peri-natal fast, lactating fur seals regularly alternate between periods of foraging at sea and nursing their pups ashore. The rapid turnover rate of milk (production and consumption) implies that milk is derived from nutrients acquired while foraging (Iverson 1993 , Iverson et al. 1997 , Goebel 2002 .
Milk FA integrates an individual's dietary information over a longer period of time when compared to scats and has been used qualitatively to infer spatial and temporal variation in diet and to identify specific prey (although recent studies indicate that using milk FA to infer prey-type consumed is not as straightforward as previously suggested) (Iverson et al. 1997 , Brown et al. 1999 , Goebel 2002 , Lea et al. 2002a , Staniland & Pond 2004 , 2005 .
The ability for FA to reflect differences in diet between ecological regions is dependant upon several factors, including: (1) the scale of spatial separation between regions and (2) prey communities within distinct ecological regions being measurably different in their FA profiles, with minimal overlap of species among regions (Bradshaw et al. 2003) . The spatial separation between continental shelf and oceanic habitats utilised by New Zealand fur seals and the fact that they tend to travel directly to and from foraging grounds (Baylis et al. 2008a) suggest that the application of FA analysis to infer broad-scale dietary differences is well suited for this species.
Understanding and quantifying the type of foraging habitat used by New Zealand fur seals is important in further understanding their diet, in identifying critical habitats and in aiding management and conservation strategies. The present study aims at utilising conventional scat analysis and milk FA analysis to: (1) assess New Zealand fur seal diet using scats; (2) assess differences in FA composition of the milk of seals that for-aged on the continental shelf versus those that foraged in oceanic habitats; and (3) elucidate the spatial separation of foraging habitats within and between populations by predicting whether individuals foraged on the continental shelf or in oceanic habits based on their milk FA signatures.
MATERIALS AND METHODS
Study site. The present study was conducted at 4 colonies: (1) Cape Gantheaume (36°04' S, 137°27' E) and (2) Cape du Couedic (36°03' S, 136°42' E) on Kangaroo Island; (3) North Neptune Island (35°13' S, 136°03' E); and (4) Liguanea Island (34°59' S, 135°37' E) (Fig. 1) . These colonies represent ~79% of the Australian population of New Zealand fur seals Arctocephalus forsteri (Shaughnessy 2005) .
Scat sampling and analysis. Scats from adult females were collected at random between March and October 2005 and April and September 2006 (Table 1) . Scats were rinsed through 1.0 and 0.5 mm nested sieves to separate prey hard parts. Otoliths, eye lenses, feathers, scales and bones were stored dry, while cephalopod beaks were stored in 95% ethanol. Otoliths and cephalopod beaks were sorted and identified to species level where possible by comparison with our own South Australian Research and Development (SARDI) reference collection. Diet composition and the importance of prey were assessed by calculating the percent frequency of occurrence (FO; proportion of samples containing a given prey species or group) and numerical abundance (NA; proportion of total number of individual prey).
Analysis of similarities (ANOSIM) using a Bray-Curtis dissimilarity matrix tested if FO or NA of prey consumed varied according to site or season (Primer Version 5.1.2, PRIMER-E). Where significant differences between main effects were found, differences were described using similarity of percentages analysis (SIMPER; Primer Version 5.1.2, PRIMER-E). Prey species occurring in <1% of scat samples, empty scats and scats that only contained unidentifiable prey remains (bones, scales, eye lenses) were excluded from analysis.
Separation of females as shelf or oceanic foragers. Data from the satellite-tracked females were obtained through the Argos satellite system. To further improve the accuracy of satellite tracks, the TimeTrack package (Version 1.0-9, M. D. Sumner, University of Tasmania), run through R statistical software, was used to apply the filter described by McConnell et al. (1992) , based on a maximum horizontal speed of 2 m s -1 (Harcourt et al. 2002 , Page et al. 2006 .
Each foraging trip was classified as continental shelf or oceanic, based on the most distant foraging location. Because individuals that foraged in oceanic waters traversed the continental shelf, each satellite track was expressed as a percentage of the time spent in 5 × 5 km grid cells, which enabled the percentage of total time spent on the continental shelf to be calculated for each seal. To determine the number of different 5 × 5 km grid cells entered by each seal and the percentage of time they spent in each cell, we assumed a constant horizontal speed between the filtered locations and interpolated a new position for each hour along the satellite track using the timeTrack package (Page et al. 2006) . The number of original and interpolated positions (located within 5 × 5 km cells of a predetermined grid) were then summed and assigned to a central node. Values were converted to a percentage for each individual. Bathymetry was used to determine when a seal left continental shelf waters. Bathymetry values were calculated for each seal at 15 min intervals along each interpolated satellite track and were obtained from the General Bathymetric Chart of the Oceans (GEBCO) 1 × 1 km World Bathymetry Grid (2.1).
Milk FA can originate from recent dietary intake and/or from mobilization of stored body fat, depending on when the seal last fed (Georges et al. 2001 , Staniland & Pond 2005 , Budge et al. 2006 fore reflect a combination of the most recent dietary intake and a longer dietary history. To ensure the foraging trip used to classify foraging location (i.e. the foraging trip that preceded milk sampling) was representative for each individual, females were tracked over multiple foraging trips. Milk sampling. Milk samples were collected over a similar period as scat samples (Table 1) . Milk samples were obtained from: (1) females fitted with satellite transmitters and (2) females selected at random (that were observed suckling a pup), but did not carry a satellite transmitter (Table 2 ). For females that carried a satellite tracker, milk samples were collected during removal of the unit, <12 h after the seals return. Upon capture of satellite-tracked females, anaesthesia was induced and maintained using Isoflurane (Veterinary Companies of Australia) administered via a portable gas anaesthetic machine (Komesaroff Small Animal Anaesthetic Machine, Medical Developments Australia). Milk was manually expressed into 3 × 2.5 ml vials by massaging the teat after a 0.7 ml intramuscular injection of Oxytocin (10 IU ml -1 , Ilium Syntocin, Troy Laboratories). Milk samples collected from females fitted with satellite transmitters were classified as either continental shelf or oceanic based on foraging location. Milk samples from females selected at random were collected from non-sedated seals using the method described above. A small piece of fur was cut above the right fore flipper to identify females that had been randomly sampled. Milk from these females was categorized as random because their foraging locations were not known.
Milk FA analysis. Sample storage and analytical procedures were consistent with previous studies using pinniped milk FA (e.g. Lea et al. 2002a , Wheatley et al. 2008 . Briefly, milk samples were frozen while in the field and stored at -20°C. In the laboratory, milk samples were thawed at room temperature and thoroughly mixed. A 50 mg aliquot of milk was weighed, and lipid was quantitatively extracted overnight by a modified Bligh & Dyer's (1959) 1-phase methanol/chloroform/water extraction (38 ml, 2:1:0.8, v/v/v). All solvents were of nanograde purity, thereby minimizing lipid oxidation. Phase separation was achieved the following day by the addition of chloroform and saline Milli Q water (1:1, v/v). The lower chloroform layer was removed, and total lipids were concentrated through rotary evaporation at 40°C. Total lipids were transferred to glass vials, where they were reduced under a stream of nitrogen gas and made up to a known concentration by addition of chloroform. An aliquot was treated with methanol/concentrated hydrochloric acid/chloroform solution (10:1:1, v/v/v; 3 ml, 100°C, 60 min). After cooling and the addition of 1 ml of water, FA methyl esters (FAME) were extracted into hexane/chloroform (4:1, v/v; 3 × 1.5 ml).
Gas chromatographic (GC) analyses of FAMEs were performed with an Agilent 7890A GC equipped with 
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Combined total 34 49 6 39 5 16 0 11 Table 2 . Arctocephalus forsteri. Number of milk samples collected at 4 breeding colonies from satellite-tracked lactating New Zealand fur seals (tracked) and lactating seals selected at random (random) and assigned to continental shelf or oceanic groups based on discriminant function analysis of milk fatty acid profiles. -: no samples a Supelco Equity-1 fused silica capillary column (15 m × 0.1 mm i.d., 0.1 µm film thickness), a flame ionization detector (290°C), a split/splitless injector (290°C) and an Agilent 7683B auto-sampler. Helium was used as the carrier gas (425 kPa). After addition of an internal injection standard (19:0 FAME), samples were injected (0.2 µl) in splitless mode at an oven temperature of 120°C. After injection, the oven temperature was raised to 150°C at 10°C min -1
, then to 250°C at 17°C min -1 and finally to 270°C at 3°C min -1
. A total of 54 ind. FAMEs were identified, with component identification by comparison of retention time data to those for authentic and laboratory standards (range 12:0 to 28:0) and using gas chromotography-mass spectrometer (GC-MS) data (Lea et al. 2002a ) obtained using a Finnigan Thermoquest GCQ GC-MS fitted with an on-column injector and operated with Thermoquest Xcalibur software. The GC was fitted with a capillary column of polarity similar to that described above. Peaks were quantified with Agilent Technologies GC Chemstation software, with GC results subject to an error of ± 5% of individual component abundance.
Statistical analyses of milk samples. FA were presented as percentages of total FA and were arcsine transformed to improve normality (Zar 1996 , Bradshaw et al. 2003 . FA in greater than trace amounts (> 0.5%) were included in a reverse step-wise discriminant function analysis (DFA; SPSS 15.0). The DFA model was derived first from the satellite-tagged group of seals (the training set). DFA identified FA that were important in differentiating between seals that foraged on the continental shelf and those that foraged in distant oceanic waters. The resulting discriminant function was applied to the unknown 'random' individuals (the prediction set) to categorize them as to their foraging location based on milk FA analysis. Additional grouping variables were separately tested, and included: (1) colony (Cape Gantheaume, Cape du Couedic, North Neptune Island and Liguanea Island) and (2) season (autumn, winter and spring based on calendar month). Unless otherwise stated, all data are presented as means ± SD.
RESULTS

Scats
Prey remains were recovered from 719 scats of Arctocephalus forsteri, 458 (64%) of which were collected at Cape Gantheaume, 202 (28%) collected from Cape du Couedic and 59 (8%) from North Neptune Island. Thirty-three scats contained unidentifiable prey remains only and were excluded from analysis (n = 20 from Cape Gantheaume, n = 10 from Cape du Couedic and n = 3 from North Neptune Island). No scat samples were collected from Liguanea Island. Fish were the most common prey (78%) with redbait Emmelichthys nitidus being the most common fish species, occurring in 26% of all scats (n = 190). Myctophids Symbolophorus sp., Scopelosaurus sp. and Nansenia sp. were the only species representing oceanic regions (excluding the 'other seabird' group), and occurred in 7% of scats (n = 48). Gould's squid Nototodarus gouldi occurred in 19% of scats (n = 139), and seabirds occurred in 4% of scats (n = 31). In general, redbait, Gould's squid and saury Scomberesox saurus were the most frequently occurring prey species at Cape Gantheaume (51, 20 and 11% FO, respectively) ( Table 3) . At Cape du Couedic, redbait (49% FO), Symbolophorus sp. (12% FO), Gould's squid (15% FO) and saury (9% FO) were the most frequently occurring prey species, while at North Neptune Island, redbait (32% FO), Gould's squid (15% FO), sweep Scorpis lineolatus (15% FO) and jack mackerel Trachurus declivis (14% FO) were the most frequently occurring prey species (Table 3) .
Cape Gantheaume and Cape du Couedic were the only colonies in which scat samples were collected during the same season in the same year. As such, seasonal comparisons were limited to these colonies and for seasons when sample sizes allowed meaningful comparisons. Seasonal comparisons were made separately for each colony. There was no significant (Table 4) . Conversely, there were significant differences between Cape Gantheaume and North Neptune Island in the FO of prey species in autumn 2006 (R = 0.061, p = 0.009) ( Table 4) . SIMPER analysis indicated redbait accounted for 26% of the difference between Cape Gantheaume and North Neptune Island, while Gould's squid and sweep accounted for 15 and 10%, respectively. In autumn 2006, redbait and Gould's squid were more prevalent in scats from Cape Gantheaume, while sweep were more prevalent at North Neptune Island (Table 4) .
Satellite tracking
Twenty-nine milk samples were collected from satellite-tracked females (18 in 2005 and 11 in 2006) . Of the 29 females, 18 foraged off the continental shelf in oceanic waters and 11 foraged over the continental shelf (Fig. 1 , Table 5 ). Females that foraged in oceanic waters spent the majority of their time in oceanic waters, with percentages of the trip time spent on the continental shelf ranging from 2.5 to 11.4% (Table 5 ). The mean distance and duration of foraging trips for females on the continental shelf was 134 ± 36 km and 9.9 ± 6.5 d, respectively, while for oceanic waters the respective values were 525 ± 215 km and 20.1 ± 7.8 d (distance: Kruskal-Wallace ANOVA: χ 2 = 19.4, df = 1, 27, p < 0.001; duration: ANOVA: F 1,27 = 12.8, p = 0.001) ( Table 5) .
Milk
A total of 160 milk samples were collected from New Zealand fur seals. Of these, 85 were collected in 2005 -n = 61 from Cape Gantheaume and n = 24 from Cape du Couedic. In 2006, 75 milk samples were collected -n = 22 from Cape Gantheaume, n = (Tables  1 & 2) . New Zealand fur seal milk was lipid rich containing a mean of 47 ± 12% lipid content (wet mass). A total of 54 FA were routinely identified and quantified in fur seal milk lipid, with 18 FA found in greater than trace amounts (> 0.5%) and accounting for 95% of the total FA. The 6 most abundant FA (in decreasing percent abundance) were 18:1n-9 (25.4 ± 4.6%), 16:0 (20.2 ± 2.1%), 22:6n-3 (13.4 ± 4.1%), 20:1n-9+11 (7.5 ± 6.4%), 16:1n-7c (5.2 ± 1.6%) and 14:0 (3.9 ± 0.9%) ( Table 6 ).
FA composition of continental shelf versus oceanic waters
Significant differences (Table 6) were recorded between satellite-tracked females from the continental shelf and oceanic groups in the proportion of saturated FA (SFA) (F 1,27 = 69.1, p < 0.001), monounsaturated FA (MUFA) (F 1,27 = 33.6, p < 0.001) and polyunsaturated FA (PUFA) (F 1,27 = 18.3, p < 0.001). Seals foraging within oceanic waters were characterised by milk being comparatively high in MUFA (47.4 ± 4.4%) and lower in PUFA (23.8 ± 4.0%) when compared to seals that foraged in continental shelf waters (MUFA: 36.7 ± 5.4; PUFA: 31.4 ± 5.5%). There were significant differences in the most abundant FA (p < 0.05 in all cases), with 20:1n-9+11 and 18:1n-9 recording the greatest disparity between groups, both being recorded in higher proportions in seals foraging in oceanic waters (Table 6) . DFA identified 18:2n-6, 17:1n-8 and 18:1n-9 as adequate predictors of foraging location and provided the best discrimination among all models tested. Based on a standard and cross-validated classification matrices, overall correct assignment was 100% (Wilks' λ = 0.063, approximate F 1,27 = 18.5, p < 0.0001). The FA 18:2n-6 accounted for 93% classification success, with 18:2n-6 and 17:1n-8 being the most important FA based on canonical scores. The resultant model that best discriminated females that foraged on the continental shelf from females that foraged in oceanic waters was: discriminant score = -8.459 + (0.281 × 18:1n-9) + (2.851 × 17:1n-8) -(2.342 × 18:2n-6) (Fig. 2) .
Based on the above model, 74% (n = 97) of milk samples collected at random were classified as oceanic, and 26% (n = 34) were classified as continental shelf. Including satellite-tracked seals, this represented 59% (49 of 83 seals) classified as having foraged in oceanic waters from Cape Gantheaume, 87% from Cape du Couedic (39 of 45 seals), 76% from North Neptune Island (16 of 21 seals) and 100% (n = 11) from Liguanea ( Table 2 ). In total, 92% of the milk samples were assigned to the oceanic group, with 99% probability of correct assignment, while 74% of the milk samples collected at random were assigned to the continental shelf foraging group, with 99% probability of correct assignment (Table 7) . The lower proportion of correctly assigned samples in the continental shelf group may reflect randomly sampled females within this group having foraged in both oceanic and continental shelf waters, or a previous foraging trip to oceanic waters. These results dramatically contrast with the scat analysis, which indicated that 2.6% (n = 12) of scat samples from Cape Gantheaume contained oceanic prey; 14.9% (n = 30) at Cape du Couedic; and 10.2% (n = 6) at North Neptune Island (Table 3) .
Cape Gantheaume was the only colony where seasonal variation in the predicted proportion of continental shelf foragers versus oceanic foragers was evident. 2.8 ± 2.5 2.9 ± 0.5 2.2 ± 0.9 5.3 0.028 3.0 ± 0.6 2.5 ± 0.9 18:1n-9
25.4 ± 4.6 22.4 ± 4.9 26.9 ± 3.6 9.1 0.005 22.5 ± 3.6 26.6 ± 3.8 20:1n-9+11
7.6 ± 6.5 2.2 ± 1.3 8.8 ± 4.8 30.2 < 0.000 2.8 ± 1.3 9.6 ± 7.0 22:1n-9 0.6 ± 0.6 0.2 ± 0.1 0.7 ± 0. 3.6 ± 1.3 5.5 ± 0.9 3.5 ± 0.8 35.7 < 0.000 4.6 ± 0.9 3.1 ± 1.1 22:5n-3 2.4 ± 0.8 3.0 ± 0.5 2.0 ± 0.3 45.9 < 0.000 3.1 ± 0.5 2.2 ± 0.8 22:6n-3 DHA 13.4 ± 4.1 15.7 ± 4.2 12.9 ± 2.8 4.5 0.042 15.6 ± 2.8 12.4 ± 4.3 Table 6 . Arctocephalus forsteri. Fatty acid (FA) composition of New Zealand fur seal milk (% of total FA). FA proportions (> 0.5%) are presented for satellite-tracked females that foraged within continental shelf waters and in oceanic waters and corresponding statistical significance between these 2 groups is also presented. FA proportions are also presented for the samples collected at random and assigned by discriminant function analysis to the continental shelf group and to the oceanic group. Values are means ± SD. SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; AA: arachidonic acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid oceanic, and by spring 2005 and 2006, 95 and 91%, respectively, of the milk samples collected were classified as oceanic (n = 18 of 19 and 10 of 11 seals, respectively) χ¯2 = 26.4, df = 2, p < 0.001).
Spatial variation in FA composition
To increase sample size, spatial variation was assessed using the combined satellite-tracked and randomly sampled data set. No meaningful statistical comparison could be made to test for spatial variation within the continental shelf group due to low sample sizes. For the oceanic group, winter 2006 was the only period in which multiple colonies (Cape Gantheaume, Cape du Couedic and North Neptune Island) were represented. Colony was a poor predictor of group membership. Despite poor classification success of only 52% (n = 13/25, standard and cross-validated), differences in FA composition during winter were significant between colonies, suggesting dietary differences (Wilks' λ = 0.53, approximate F 2,22 = 14.8, p < 0.001). In general, the greatest difference between colonies was in 20:1n-9+11, which was found in highest proportions at Cape du Couedic (13 ± 7.2% of FA proportion, range: 1.7 to 24.8% contribution of total FA content), when compared to Cape Gantheaume (7.2 ± 6.3%), North Neptune Island (7.2 ± 3.2%) and Liguanea Island (8.4 ± 4.4%) (Kruskal-Wallace ANOVA, Chi-squared approximation, χ 2 = 20.1, df = 3, p < 0.01).
Seasonal variation in FA composition
Seasonal variation in FA composition was assessed independently for each site using the combined satellite-tracked and randomly sampled data set. Cape Gantheaume was the only site at which there were sufficient replicates to permit analysis between seasons for the continental shelf group. A significant seasonal difference in 2005 between autumn and winter was evident, with DFA correctly classifying 82.1% of the samples (standard and cross-validated) to their original groups using the FA 16:0, 18:0 and 20:4n-3 (Wilks' λ = 0.39, approximate F 1,26 = 12.5, p < 0.001). MUFAs where lower in autumn (35.8 ± 4.1) compared to winter (39.4 ± 4.0) (F 1,26 = 5.4, p = 0.03), with the MUFA 18:1n9 recording the largest seasonal differences (20.9 ± 3.5 and 22.9 ± 4.2, respectively; F 1,26 = 6.3, p = 0.02). Significantly higher levels of 20:5n-3 were recorded in autumn compared to winter (5.5 ± 1.0 and 4.5 ± 0.9; F 1,26 = 13.5, p = 0.01) ( Table 8) .
For the oceanic group, no seasonal variation in FA composition was evident between autumn and winter at North Neptune Island in 2006 (Wilks' λ = 0.17, approximate F 1,14 = 0.3, p = 0.8) (Table 8) . DFA discriminated between winter and spring at Cape Gantheaume in 2005 (80.6% of samples correctly classified; Wilks' λ = 0.60, approximate F 1,29 = 19.1, p < 0.001) on the basis of 20:5n-3. Similarly at Cape du Couedic, DFA discriminated between winter and spring in 2006 using 20:5n-3 with moderate classification success (76.4% of samples correctly classified: Wilks' λ = 0.51, approximate F 1,15 = 14.3, p = 0.002), suggesting seasonal differences in FA composition (Table 8) . A pattern of decreasing PUFA and a concomitant increase in MUFA between winter and spring Table 7 . Arctocephalus forsteri. Probability of correct grouping for 97 milk samples collected at random, which were assigned to the oceanic group, and 34 milk samples collected at random, which were assigned to the continental shelf group. Discriminant function scores were derived from milk samples collected from 29 satellite-tracked New Zealand fur seal females foraging in the 2 ecological zones (continental shelf Table 8 ). The MUFA 20:1n-9+11 was found in significantly higher proportions in spring at Cape du Couedic only (F 1,15 = 9.8, p = 0.007) ( Table 8 ). In general, samples with higher proportions of 20:1n-9+11 had lower proportions of 22:6n-3 (r 2 = -0.76, p < 0.001) and higher proportions of 22:1n-9 (r 2 = 0.96, p < 0.001).
DISCUSSION
Similar to studies on northern fur seals Callorhinus ursinus (Goebel 2002) , FA analysis of New Zealand fur seal milk provided a reliable method to elucidate the spatial separation of foraging habitats within and between populations. With the use of milk FA, we were able to assess dietary information for particular individuals on a more appropriate spatio-temporal scale when compared to traditional methods. Results from FA analysis indicated that 74% of seals sampled were likely to have foraged in oceanic waters, while only 26% were likely to have foraged within continental shelf waters. These results were supported by concomitant satellite tracking, where 62% of satellitetracked seals foraged in oceanic waters. Cape Gantheaume was the only colony to record seasonal variation in the proportion of seals that foraged on the continental shelf. Based on FA analysis, seals from Cape Gantheaume shifted their foraging effort from continental shelf waters to oceanic waters from autumn to spring in 2005 and winter to spring in 2006. These results were also supported by a concomitant satellite tracking study at the Cape Gantheaume colony (Baylis et al. 2008b) , which revealed that seasonal variation in foraging location was associated with seasonal changes in coastal upwelling activity.
FA results contrasted with scat analysis, where 7% of scats contained prey items associated with oceanic waters, suggesting only 7% of individuals sampled foraged in oceanic waters. This indicates that scats were biased toward females foraging on the continental shelf and/or the last foraging bout, if seals travelling from distant waters consumed prey on the continental shelf during the return trip. The discrepancy in results (n = 14) (n = 13) (n = 18) (n = 9) (n = 8) (n = 7) (n = 9) Sum SFA 32.4 ± 2.4 30.6 ± 1.6 29.1 ± 1.4 29.4 ± 1.9 28.6 ± 1.8 27.1 ± 0.9 29.9 ± 3.1 30.1 ± 1.9 14:0 5.3 ± 0.5 5.0 ± 0.7 3.9 ± 0.7 3.6 ± 0.6 3.3 ± 0.6 2.7 ± 0.2 3.8 ± 0. 5.9 ± 0.6 6.7 ± 0.8 6.2 ± 2.1 5.6 ± 2.5 4.6 ± 1.2 3.4 ± 1.0 4.8 ± 0.6 4.7 ± 1.1 br17:1 0.3 ± 0.1 0.3 ± 0.1 0.5 ± 0.1 0.5 ± 0.2 0.5 ± 0.1 0.6 ± 0.1 0.5 ± 0.2 0.6 ± 0.2 17:1n-8 0.9 ± 0.1 1.0 ± 0.1 1.2 ± 0.2 1.1 ± 0.1 1.1 ± 0.1 1.0 ± 0.2 1.1 ± 0.1 1.3 ± 0.2 18:1n-7 2.9 ± 0.4 3.3 ± 0.4 2.8 ± 0.8 3.0 ± 0.9 2.5 ± 0.9 1.8 ± 0.6 2.4 ± 0.9 2.0 ± 1.0 18:1n-9 20.9 ± 3.5 22.9 ± 4.2 24.4 ± 2.2 27.3 ± 2.3 26.4 ± 3.0 27.6 ± 5.2 26.7 ± 6.2 25.7 ± 2.6 20:1n-9+11 2.8 ± 1.3 3.0 ± 1.5 5.4 ± 4.9 8.7 ± 6.6 9.7 ± 6.1 18.6 ± 5.0 6.1 ± 3.7 8.0 ± 2. 3.0 ± 0.5 3.1 ± 0.5 2.7 ± 0.7 2.2 ± 0.7 2.3 ± 0.7 1.4 ± 0.3 2.4 ± 0.6 2.3 ± 0.7 22:6n-3 DHA 16.1 ± 4.0 15.5 ± 2.9 16.1 ± 3.2 11.4 ± 3.7 12.5 ± 3.3 8.1 ± 2.7 14.5 ± 3.8 12.3 ± 4.8 (Iverson et al. 1997 , Goebel 2002 , Bradshaw et al. 2003 , Connan et al. 2005 , 2007 . The results also exemplify the difficulties encountered when quantifying the diet of wide-ranging marine predators using traditional methods and underscore the importance in understanding the limitations of the dietary method employed. In the case of New Zealand fur seals, results from scat analysis indicate that traditional methods are not representative of the diet of lactating females foraging in distant oceanic waters.
Our study highlights the importance of oceanic waters associated with the STF as critical foraging habitat for lactating New Zealand fur seals. The foraging trip distances and durations for lactating New Zealand fur seals travelling to distant ocean waters (see Baylis et al. 2008a ) are among the longest reported for a temperate otariid species, with only lactating Subantarctic fur seals recording foraging trips of longer distance and duration (max. 1695 km and 54 d) (Beauplet et al. 2004 ). While it is unclear whether these intrinsically long foraging trips are close to the limit of a central-place foraging fur seal, it does imply that lactating New Zealand fur seals may be vulnerable to climactic anomalies or anthropogenic impacts, such as climate change which will influence the location or productivity of the STF south of Australia, as projected for baleen whales that migrate to forage along Antarctic ocean fronts (Tynan & Russell 2008) .
Given the importance of the STF as foraging habitat for lactating New Zealand fur seals, additional information on prey species inhabiting waters associated with the STF south of Australia is required to further understand the diet of New Zealand fur seals and to assess their role as top predators in southern Australia. Additionally, without accounting for the fact that individuals within the same populations forage in discrete habitats, future dietary studies are unlikely to accurately reconstruct the diet of New Zealand fur seals in South Australia.
In contrast to the present study, traditional methods were able to reliably re-construct diet for Antarctic fur seals Arctocephalus gazella and northern fur seals Callorhinus ursinus (Zeppelin & Ream 2006 , Staniland et al. 2007 ). In these species, dietary differences were correlated with different ecological zones identified through satellite tracking (Staniland & Boyd 2003 , Robson et al. 2004 ). However, in Antarctic and northern fur seals, foraging trips to distant oceanic waters were, on average, 267 ± 12 km and 8.2 ± 0.8 d and 263 ± 82 km and 8.8 ± 2 d, respectively (Staniland & Boyd 2003 , Robson et al. 2004 . The mean oceanic foraging trip distance for New Zealand fur seals was 525 ± 215 km, lasting 20.1 ± 7.8 d. Therefore, the greater distances that New Zealand fur seals travelled and the longer period of time spent in oceanic waters may explain why scat analysis was less successful in the current study and why FA results regarding foraging location and specific prey consumed were dramatically different from results derived from scat analysis.
Although scat analysis was unable to accurately reconstruct the diet of females that foraged in distant oceanic waters, it did provide fundamental information on species composition. The New Zealand fur seal is classified as a generalist predator, altering its diet over spatial and temporal scales. However, its diet tends to be dominated by only a small number of species at any one time (e.g. Lake 1997 , Fea et al. 1999 , Harcourt et al. 2002 , Page et al. 2005 . We found redbait Emmelichthys nitidus and Gould's squid Notodarus gouldi were the most frequently occurring prey species in scats. These species are likely to represent the primary diet of females foraging on the continental shelf. Redbait and squid are also important dietary components for lactating Australian fur seals Arctocephalus pusillus doriferus that foraged within continental shelf waters (Littnan et al. 2007) , and have previously been recorded in the diet of New Zealand fur seals from Cape Gantheaume (Page et al. 2005) .
Differences in the FO of prey species recovered from scats collected at Cape Gantheaume, Cape du Couedic and North Neptune Island also suggest that the species consumed within near-colony waters varies between colonies, and may reflect the proximity of each colony to the continental shelf-break. For example, Cape du Couedic is the closest colony to the continental shelfbreak (~60 km accounting for colony-specific foraging direction) and recorded the greatest proportion of myctophids. Conversely, Cape Gantheaume and North Neptune are further from the continental shelf-break (~110 and ~80 km, respectively), and continental shelf species dominated the prey species recovered from scats at these sites. Statistical analysis of inter-colony dietary differences was however limited by variability in the number of scats collected at each site and variability between colonies and between years in the season within which scat samples were collected.
The most abundant oceanic fish recovered from scat samples were myctophids Symbolophorus sp., which have been reported in other dietary studies of New Zealand fur seals in South Australia, Tasmania and New Zealand (Carey 1992 , Lake 1997 , Fea et al. 1999 , Harcourt et al. 2002 , Page et al. 2005 . The high levels of 20:1n-9+11 MUFA recorded from the oceanic group may also suggest myctophids are important prey for females foraging in association with the STF, as 20:1n-9+11 is relatively low in continental shelf species (e.g. redbait 4.2% and Gould's squid 4%; A. Baylis & P. Nichols unpubl. data), but is characteristically high in myctophids (e.g. Saito & Murata 1998 , Phleger et al. 1999 , Lea et al. 2002b .
Seasonal variation in FA composition within the oceanic group was evident at Cape Gantheaume in 2005 and Cape du Couedic in 2006, where 22:6n-3 was recorded in higher proportions in winter than in spring. Although not apparent from scat analysis in our study, previous studies have identified seasonal variation in the occurrence of squid and fish recovered from the scats of New Zealand fur seals (Fea et al. 1999 , Harcourt et al. 2002 , Page et al. 2005 . This is thought to primarily reflect changes in squid abundance, which is greater during summer and autumn, and declines in winter (Stark 2008) . Whether seasonal differences in the proportions of selected FA reflected seasonal differences in the diet of seals or seasonal differences in the diet of their prey and, therefore, the FA composition of prey is unknown.
We did not attempt to relate milk FA to the FA ratios of potential prey because of: (1) the paucity of information relating to the FA profiles of New Zealand fur seal prey species and (2) the challenges associated with accounting for how particular dietary FAs are metabolised and deposited in predator tissue and in determining whether certain FA are selectively deposited or mobilized in the mammary gland (GrahlNielsen et al. 2003 , Staniland & Pond 2004 , 2005 , Budge et al. 2006 .
CONCLUSIONS
Unlike other fur seal species, dietary information pertaining to New Zealand fur seals is limited. In South Australia, where 85% of the Australian population of New Zealand fur seals reside, dietary studies have identified the importance of continental shelf habitats for lactating females at the Cape Gantheaume colony (Goldsworthy et al. 2003 , Page et al. 2005 , the results of which have provided the basis for predictive models assessing the potential for trophic and operational fishery interaction across southern Australia (Goldsworthy et al. 2003 , Goldsworthy & Page 2007 . With the aid of milk FA analysis and concomitant satellite tracking, we have also highlighted the importance of distant oceanic waters as foraging habitats for lactating New Zealand fur seals at 4 breeding colonies. Results indicated that oceanic waters were more important foraging habitats during autumn and winter than continental shelf waters. These results provide new information for understanding the habitat and management requirements of New Zealand fur seals. Traditional methods failed to account for the spatial separation of foraging habitats and were biased toward individuals foraging within continental shelf waters. FA analysis proved to be a valuable tool for assessing broad-scale spatial dietary patterns. Notwithstanding, for the FA approach to be further enhanced, the continued building of databases for prey items is required, including examining seasonal and regional differences for key species. Steps toward further understanding the trophic relationships between New Zealand fur seals and their prey will be dependant on additional information pertaining to the distribution and occurrence of fish and cephalopod species inhabiting waters associated with the STF south of Australia and the continued development and application of alternative dietary techniques, used in combination with traditional dietary analysis. 
